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A b s t r a c t  

Formal t e c h n i q u e s  f o r  management 
c o n t r o l  a r e  r e q u i r e d  t o  e n s u r e  t h e  pro-  
d u c t i o n  and d e l i v e r y  of  working ,  u s a b l e  
computer programs, e s p e c i a l l y  when t h e  
programs are  e l e m e n t s  of  l a r g e  sys t ems .  
To t h i s  end t h e  p rocedures  o f  c o n f i g u r a -  
t i o n  management, o r i g i n a l l y  f o r m u l a t e d  
f o r  u se  i n  hardware  p r o d u c t i o n ,  have 
been a d a p t e d  f o r  u se  i n  t h e  p r o d u c t i o n  
of  computer programs. It i s  t h e  t h e s i s  
of  t h i s  p a p e r  t h a t  t h e s e  p r o c e d u r e s  
promote more e f f e c t i v e  management con- 
t r o l  by r e q u i r i n g :  

a. The development o f  a two-pa r t  
computer program s p e c i f i c a t i o n .  
The f irst  p a r t  d e f i n e s  t h e  re- 
q u i r e m e n t s  of  t h e  program; t h e  
second p a r t  d e s c r i b e s  t h e  re- 
s u l t a n t  program. 

imp lemen ta t ion  of  t h e  computer 
program. 

b. Reviews of  t h e  d e s i g n  and 

c .  The c o n t r o l  of  changes t o  t h e  
s p e c i f i c a t i o n  and t h e  r e s u l t i n g  
computer program. 

d.  The main tenance  and u p d a t i n g  o f  
t h e  computer program s p e c i f i c a -  
t i o n  and o t h e r  s u p p o r t i n g  docu- 
ment s . 

I n t r o d u c t i o n  

Forma l ly ,  c o n f i g u r a t i o n  management 
i s  d e f i n e d  as ... " t h e  management o f  
t e c h n i c a l  r e q u i r e m e n t s  which d e f i n e  sys -  
t e m ,  s y s t e m  equipment ,  or i n d i v i d u a l  
equipment ,  and changes t h e r e t o .  

i s  a t o o l  t o  p r e v e n t  a c o n t r a d i c t i o n  be- 
tween what a p roduc t  i s  and what i t s  docu- 
m e n t a t i o n  says it s h o u l d  be.  

I n f o r m a l l y ,  c o n f i g u r a t i o n  management 

C o n f i g u r a t i o n  management w a s  deve l -  
oped t o  h e l p  s o l v e  s e v e r e  problems which 
had p l agued  e a r l y  mi s s i l e  sys t em p r o j e c t s - -  
problems which are  c h a r a c t e r i s t i c  o f  l a r g e  
s c a l e  sys t em development.  For example,  t h e  
l a c k  of p r e c i s e l y  d e f i n e d  per formance  re- 
q u i r e m e n t s  e a r l y  i n  some p r o j e c t s  l e d  t o  
e x c e s s i v e  c o s t s ,  because  many sys tem e l e -  
ments had t o  be r e d e s i g n e d  a t  a l a t e r  t i m e  
t o  s a t i s f y  t h e  u s e r s '  needs .  A s  t h e  re- 
s u l t  of a n o t h e r  problem--the l o s s  o r  l a c k  
of  drawings  and t e c h n i c a l  documentation-- 
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systems were produced  t h a t  cou ld  n o t  b e  
changed or m a i n t a i n e d .  Even where docu- 
m e n t a t i o n  e x i s t e d ,  i n a d e q u a t e  change con- 
t r o l  p r o c e d u r e s  l e d  t o  equipments  t h a t  d i d  
n o t  match s p e c i f i c a t i o n s ,  and equipments  
t h a t  were i n c o m p a t i b l e  a t  t h e i r  i n t e r -  
f a c e s .  

Formal t e c h n i q u e s  f o r  t h e  g e n e r a t i o n  
and t r a n s m i t t a l  o f  c r i t i c a l  i n f o r m a t i o n  
were found t o  be  e s s e n t i a l  i n  a l l e v i a t i n g  
t h e s e  and o t h e r  s imi l a r  problems.  Configu- 
r a t i o n  management i s  one such t e c h n i q u e .  
It p r o v i d e s  p r o c e d u r e s  f o r  g e n e r a t i n g ,  con- 
t r o l l i n g ,  and u p d a t i n g  t h e  i n f o r m a t i o n  con- 
t a i n e d  i n  t e c h n i c a l  s p e c i f i c a t i o n s ,  and f o r  
documenting t h e  s t a t u s  o f  such i n f o r m a t i o n .  

The p o l i c i e s  f o r  c o n f i g u r a t i o n  manage- 
ment are g i v e n  i n  documents such as t h e  A i r  
Fo rce  System Command's 375-1,' NASA's NPC 
500-12 and s imilar  Army and Navy d o c u m e n t s . 3 ~ 4  
The main pu rpose  o f  t h e s e  documents is t o  
p r o v i d e  a b a s i s  f o r  t h e  development by con- 
t r a c t o r s  and  cus tomers  a l i k e  o f  c o n s i s t e n t  
p r o c e d u r e s  f o r  c o n f i g u r a t i o n  management. 
mhey have been  s u c c e s s f u l  In this m r p o s e :  
and  i t  i s  safe t o  say  t h a t  c o n f i g u r a t i o n  
management i s  h e r e  t o  s t a y ,  and w i l l  b e  a 
f a c t o r  i n  more and more l a r g e  s c a l e  govern- 
ment p rocuremen t s .  

Subsequent  t o  t h e  i n t r o d u c t i o n  of  t h e s e  
manuals t h e r e  have  been some s i g n i f i c a n t  
changes i n  t e c h n o l o g y ,  n o t  t h e  l e a s t  o f  which 
i s  t h e  i n c r e a s e d  use  o f  d i g i t a l  computers as 
o n - l i n e  e l e m e n t s  i n  l a r g e  s c a l e  sys t ems .  
With t h e  u s e  o f  computers  comes t h e  need f o r  
computer programs.  I n  many systems t h e  c o s t  
o f  computer programs may be as much or more 
t h a n  t h e  c o s t  o f  any hardware e l emen t .  I n  
a l l  c a s e s  t h e  programs are  c r i t i c a l  t o  t h e  
o p e r a t i o n  o f  t h e  system. The p r o d u c t i o n  of  
computer programs has  t h u s  become a matter 
o f  pr ime c o n c e r n  t o  t h o s e  r e s p o n s i b l e  f o r  
sys t ems  u s i n g  d i g i t a l  computers .  

It i s  t h e  t h e s i s  of  t h i s  pape r  t h a t  
c o n f i g u r a t i o n  management t e c h n i q u e s  can be 
e x t r e m e l y  u s e f u l  i n  computer programming 
e f f o r t s ,  p r i m a r i l y  because  t h e  computer pro-  
gramming p r o c e s s  i s  i n  many ways s imi l a r  t o  
t h e  p r o c e s s  r e q u i r e d  f o r  hardware deve lop-  
ment. On t h i s  bas i s ,  t h i s  pape r  p r e s e n t s  a 
s u g g e s t e d  approach  t o  e x t e n d i n g  c o n f i g u r a -  
t i o n  management t o  c o v e r  computer programs. 

The p r o c e d u r e s  summarized i n  t h i s  pape r  
were deve loped  f o r  t h e  Apol lo  Program O f f i c e ,  
N A S A  H e a d q u a r t e r s ,  f o r  i n c l u s i o n  i n  NPC 
500-1 , "The Apo l lo  C o n f i g u r a t i o n  Management 



Flanual."* 
i n c o r p o r a t e d  t o  a l i m i t e d  e x t e n t  i n  some 
areas o f  N A S A .  

They a r e  i n  t h e  p r o c e s s  o f  be ing  

Background 

It i s  c o n v e n i e n t  a t  t h i s  p o i n t  t o  
b r i e f l y  rev iew f o r  t h e  r e a d e r  who i s  new 
t o  t h e  s u b j e c t ,  some key c o n c e p t s  o f  con- 
f i g r a t  i o n  management. (The r e a d e r  who i s  
more f a m i l i a r  w i t h  c o n f i g u r a t i o n  manage- 
n e n t  can proceed  d i r e c t l y  t o  t h e  n e x t  s e c -  
t i o n . )  The i n t e r e s t e d  r e a d e r  can  f i n d  t h e  
d e t a i l e d  p r o c e d u r e s  f o r  c o n f i g u r a t i o n  
management i n  t h e  a forement ioned  govern- 
ment documents;  a l s o ,  a n  e x c e l l e n t  d e s c r i p -  
t i o n  o f  t h e  r e a s o n i n g  b e h i n d  t h e  develop-  
ment and i n t e n t  o f  t h i s  t o o l  i s  g i v e n  i n  
an a r t i c l e  by Laine  and Spevak .5  

C o n f i g u r a t i o n  management deals  w i t h  
sys tems and sys tem e l e m e n t s  known as con- 
t r a c t  end i t e m s  ( C E I ' s ) .  A CEI i s  d e f i n e d  
a s  a p o r t i o n  o f  a sys tem which f o r  t e c h -  
n i c a l  c o n s i d e r a t i o n s  and m a n a g e r i a l  con- 
venience  i s  c o n t r a c t e d  f o r  and produced 
as a s i n g l e  i t e m .  For a computer-based 
sys tem t h e  C E I ' s  may b e  such  t h i n g s  as 
e l e c t r o n i c  equipments ,  d i g i t a l  computers ,  
computer programs and f a c i l i t i e s  (see 
F i g u r e  1). 

The o v e r r i d i n g  concept  o f  c o n f i g u r a -  
t i o n  management i s  t h e  o r d e r l y  development 
o f  r e q u i r e m e n t s ,  f i r s t  f o r  t h e  sys tem as 
a whole and t h e n  i n  more d e t a i l  f o r  i t s  
c o n s t i t u e n t  CEI 's .  The r e q u i r e m e n t s  are 
developed  i n  p h a s e s  and p u b l i s h e d  i n  
'I base  l i n e  document s . 

A b a s e l i n e  i s  a c o l l e c t i o n  o f  i n f o r -  
n a t i o n ,  as known up t o  a p a r t i c u l a r  i n s t a n t  
o f  t i m e ,  d e s c r i b i n g  t h e  t e c h n i c a l  charac-  
t e r i s t i c s - - p e r f o r m a n c e ,  d e s i g n ,  c o n f i g u r a -  
t i o n ,  t e s t i n g - - o f  a sys tem o r  sys tem ele- 
T e n t .  B a s e l i n e s  are  e s t a b l i s h e d  a t  d i s -  
c r e t e  t imes i n  t h e  l i f e  o f  a sys tem as 
r e f e r e n c e s  f o r  t h e  e v a l u a t i o n  o f  proposed 
changes t o  t h e  t e c h n i c a l  c h a r a c t e r i s t i c s .  
The t o t a l i t y  o f  b a s e l i n e s  p l u s  approved 
m a n g e s  p r o v i d e s  a n  up t o  d a t e  d e s c r i p -  
t i o n  o f  t h e  sys tem.  

been d e f i n e d  f o r  u s e  i n  c o n f i g u r a t i o n  
management (see F i g u r e  2 ) .  These are: 

Four  p h a s e s  and t h r e e  b a s e l i n e s  have 

The c o n c e p t u a l  phase  which b e g i n s  w i t h  
t h e  r e a l i z a t i o n  t h a t  a need e x i s t s - -  
a need  t h a t  can  be  sa t i s f ied  by a new 
s y s t e m .  The r e q u i r e m e n t s  f o r  t h e  s y s -  
t e m  are d e f i n e d  and a sys tem concept  
i s  developed .  The r e q u i r e m e n t s  are 
documented i n  a sys tem s p e c i f i c a t i o n  
which becomes t h e  i n i t i a l ,  sys tem re- 
q u i r e m e n t s  b a s e l i n e  f o r  t h e  develop-  
ment o f  t h e  sys tem.  

The d e f i n i t i o n  phase  i n  which t h e  s t r u c -  
t u r e  of t h e  sys tem i s  d e f i n e d  and t h e  
C E I ' s  t h a t  compr ise  t h e  s t r u c t u r e  are 
i d e n t i f i e d .  I n  t h i s  phase  t h e  p e r f o r -  
mance r e q u i r e m e n t s  are g e n e r a t e d  f o r  

each  C E I  and documented as p a r t  1 of  
t h e  C E I  s p e c i f i c a t i o n .  C o n t r a c t o r s  
are  t h e n  chosen t o  produce e a c h  end 
i t e m .  For  e a c h  end i t e m ,  p a r t  1 o f  
t h e  s p e c i f i c a t i o n  i s  e s t a b l i s h e d  as 
t h e  d e s i g n  r e q u i r e m e n t s  b a s e l i n e  used  
f o r  c o n t r o l l i n g  t h e  c o n t r a c t o r ' s  a c t i v -  
i t i e s  i n  t h e  f o l l o w i n g  p h a s e s .  

The a c q u i s i t i o n  phase  i n  which t i le  end 
items are  d e s i g n e d ,  d e v e l o p e d ,  c r o d u c e d ,  
and documented. The d e s i g n  and a c t u a l  
c o n f i g u r a t i o n  o f  e a c h  C E I  i s  d e f i n e d  i n  
o a r t  2 o f  t h e  s a e c i f i c a t i o n .  T h i s  be- 
comes t h e  p r o d u c t  c o n f i g u r a t i o n  base-  =; i t  i s  used t o  c o n t r o l  changes t o  
t h e  CEI and t o  c o n t r o l  t t l e  s u b s e a u e n t  
p r o d u c t i o n  o f  s imi l a r  a r t i c l e s .  

The o p e r a t i o n  phase  i n  which t h e  end 
items a r e  i n t e q r a t e d  t o  form t h e  s y s -  
tem, and d u r i n g  which t h e  sys tem i s  
u s e d  t o  per form i t s  o p e r a t i o n a l  
m i s s i o n .  

The c o n t r o l l e d  development o f  t h e s e  
b a s e l i n e s  p r o v i d e s  a framework f 3 r  docu- 
ment ing  t h e  key i n f o r m a t i o n  r e q u i r e d  f o r  
t h e  s y s t e m ' s  developmcnt as i t  becones 
known. It a l s o  allows t h e  u s e r  t o  employ 
t h e  s e r v i c e s  of  s e v e r a l  c o n t r a c t o r s  and 
s t i l l  have t h e  v a r i o u s  end i t e m s  compat ib le  
when t h e y  are i n t e g r a t e d .  

Thus c o n f i g u r a t i o n  management p r o v i d e s  
a b a s i s  f o r  i d e n t i f y i n g ,  c o n t r o l l i n g  and 
documenting t h e  c o n f i g u r a t i o n  o f  a sys tem 
and i t s  c o n s t i t u e n t  C E I ' s .  The remainder  
o f  t h i s  p a p e r  w i l l  c o n s i d e r  t h o s e  a s p e c t s  
o f  c o n f i g u r a t i o n  management t h a t  p e r t a i n  
t o  computer  program c o n t r a c t  end items 
(CPCEI 's) .  

The Computer Program C o n t r a c t  End I t e m  

What i s  t h i s  t h i n g  w e  c a l l  a CPCEI  and 
how i s  i t  produced? 

A computer  program i s  t h e  o r d e r e d  set  
o f  i n s t r u c t i o n s  and d a t a  r e q u i r e d  t o  c o n t r o l  
t h e  o p e r a t i o n  and d e t e r m i n e  t h e  o u t p u t s  o f  a 
d i g i t a l  computer .  The end p r o d u c t  o f  t h e  
p r o c e s s  r e q u i r e d  t o  produce  a program i s  
u s u a l l y  a punched deck o f  c a r d s ,  magnet ic  
t a p e s ,  or o t h e r  p h y s i c a l  media c o n t a i n i n g  t h e  
o r d e r e d  set  i n  a form s u i t a b l e  f o r  i n s e r t i o n  
i n t o  a d i g i t a l  computer.  A computer  program 
c o n t r a c t  end  i t e m  ( C P C E I )  i s  a n  end product  
of  a programming e f f o r t ,  s p e c i f i c a l l y ,  a n  
end p r o d i e t  which h a s  been-  d e s i g n a t e d - a s  a 
c o n t r a c t  end i t e m  f o r  t h e  purposes  o f  manage- 
ment c o n t r o l .  

The end  product  - t h e  CPCEI - i s  a n  
e n t i t y  p h y s i c a l l y  d i f f e r e n t  t h a n  t h e  docu- 
ments  which d e s c r i b e  i t  (much l i k e  a r o c k e t  
e n g i n e  i s  d i f f e r e n t  from t h e  documents t h a t  
d e s c r i b e  i t ) .  The sum t o t a l  o f  a c t i v i t i e s  
r e q u i r e d  t o  produce t h e  CPCEI  i s  c a l l e d  t h e  
"programming p r o c e s s .  I' L i k e  t h e  p r o c e s s  f o r  
hardware  end items, t h e  programming p r o c e s s  
c a n  be c o n s i d e r e d  t o  t a k e  p l a c e  i n  a d e f i n i -  
t i o n ,  a c q u i s i t i o n ,  and o p e r a t i o n  phase .  



Indeed  t h e  t y p e s  of a c t i v i t i e s  w i t h i n  e a c h  
phase  a r e  somewhat s imi la r ;  t h a t  i s  : 

1. I n  t h e  d e f i n i t i o n  phase  t h e  re- 
qu i r emen t s  f o r  t h e  CPCEI  a r e  de- 
f i n e d .  

2 .  I n  t h e  a c q u i s i t i o n  phase  t h e  
CPCEI  i s  d e s i g n e d ,  documented, 
coded ,  and t h e n  t e s t e d  i n  a 
s i m u l a t e d  envi ronment .  

3. I n  t h e  o p e r a t i o n  phase  t h e  CPCEI 
i s  checked i n  a sys t em envi ronment ,  
i n t e g r a t e d  w i t h  t h e  o t h e r  end items , 
upda ted  as r e q u i r e d ,  f o r m a l l y  
a c c e p t e d ,  and used .  

S i n c e  t h e  p r o c e s s e s  are  s imilar ,  one  
may conc lude  t h a t  many o f  t h e  t e c h n i q u e s  
cieveloped f o r  hardware  can  b e  a p p l i e d  t o  
t h e  management o f  computer programming. 
T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  c o n f i g u r a t i o n  
management, s i n c e  many o f  t h e  problems - 
l o s s  o f  documen ta t ion ,  l a c k  o f  change con- 
t r o l ,  e t c .  - which prompted i t s  development 
a r i se  i n  computer programming. 

The re  a r e  some d i f f e r e n c e s ,  however, 
between hardware  and computer programs 
which have t o  be c o n s i d e r e d  when e x t e n d i n g  
c o n f i g u r a t i o n  management p r o c e d u r e s  t o  
cove r  computer programs. F o r  example , t h e  
manufac tu re  o f  t h e  p h y s i c a l  p r o d u c t  i s  n o t  
u s u a l l y  a major  f a c t o r  f o r  computer pro- 
grams w h i l e  it may b e  f o r  hardware .  A l s o ,  
p r o d u c t i o n  o f  s u c c e e d i n g  a r t i c l e s  i s  n o t  a 
major  f a c t o r ,  r e p r o d u c t i o n  b e i n g  a s i m p l e  
matter o f  d u p l i c a t i n g  t a p e s  and c a r d  decks  
on computing and a c c o u n t i n g  machines .  A l s o ,  
r e l i a b i l i t y  and q u a l i t y  c o n c e p t s  d i f f e r  
g r e a t l y  between hardware  and computer pro-  
gram i t e m s .  Computer i n s t r u c t i o n s  do n o t  
"wear o u t .  'I T h e r e f o r e ,  d e s i g n i n g  f o r  
l o n g e v i t y  and p r o v i s i o n i n g  s p a r e  p a r t s  are 
n o t  i m p o r t a n t  f a c t o r s  f o r  computer programs. 
Perhaps  t h e  most t roub le some  d i f f e r e n c e  
a r i s e s  from t h e  " s o f t n e s s "  o f  a CPCEI. 
N e i t h e r  i t s  c o n f i g u r a t i o n  n o r  i t s  a b i l i t y  
t o  f u n c t i o n  can  be  r e a d i l y  de t e rmined  by 
v i s u a l  i n s p e c t i o n .  You c a n ' t  k i c k  i t ,  
i n s p e c t  i t ,  or watch it move; t h i n g s  which 
may have meaning f o r  hardware  items. 
T h e r e f o r e ,  a l o t  of emphasis must be  p l aced  
on d e s c r i p t i v e  documents and per formance  
t e s t s  t o  make t h e s e  d e t e r m i n a t i o n s .  

C o n f i g u r a t i o n  Management i n  t h e  
Programming P r o c e s s  

The p roposed  method o f  meshing con- 
f i g u r a t i o n  management p r o c e d u r e s  w i t h  t h e  
a c t i v i t i e s  o f  t h e  programming p r o c e s s  i s  
i l l u s t r a t e d  i n  F i g u r e  3. T h i s  method t a k e s  
i n t o  c o n s i d e r a t i o n  t h e  d i f f e r e n c e s  mentioned 
above bu t  s t r i v e s  t o  m a i n t a i n  f o r  computer 
programs a management approach  t h a t  i s  
s imi la r  t o  t h a t  used  f o r  hardware .  

I n  t h e  d i s c u s s i o n  of t h i s  method t o  
f o l l o w ,  t h e  g roup  managing t h e  t o t a l  sys tem 
w i l l  be c a l l e d  t h e  " u s e r , "  and t h e  o r g a n i -  
z a t i o n  p r o d u c i n g  t h e  CPCEI w i l l  be  c a l l e d  

t h e  " c o n t r a c t o r . "  The t e rm c o n t r a c t o r  i s  
employed o n l y  i n  d e f e r e n c e  t o  t h e  o r i g i n  
of c o n f i g u r a t i o n  management as a t o o l  t o  
ass i s t  government a g e n c i e s  i n  managing 
c o n t r a c t e d  e f f o r t s .  C o n f i g u r a t i o n  man- 
agement can  a l s o  be  o f  g r e a t  v a l u e  i n  non- 
c o n t r a c t e d  "in-house" e f f o r t s .  

The s t a r t i n g  p o i n t  f o r  t h e  d i s c u s s i o n  
i s  t h e  d e f i n i t i o n  phase ,  j u s t  subsequen t  t o  
t h e  i s s u a n c e  o f  t h e  sys tem s p e c i f i c a t i o n .  
We w i l l  assume a s y s t e m  which c o n t a i n s  many 
d i v e r s e  e l emen t s .  A s i n g l e  c o n t r a c t o r  i s  
r e s p o n s i b l e  f o r  t h e  CPCEI; o t h e r  c o n t r a c t o r s  
are r e s p o n s i b l e  f o r  t h e  o t h e r  end items i n  
t h e  sys t em,  and f o r  t h e  i n t e g r a t i o n  o f  t h e  
s y s t e m .  It i s  a l s o  assumed t h a t  t h e  program 
i s  d e s i g n e d  and implemented i n  t h e  program- 
ming c o n t r a c t o r ' s  f a c i l i t y ,  and t h e n  t r a n s -  
f e r r e d  t o  t h e  o p e r a t i o n a l  f a c i l i t y  f o r  i n t e -  
g r a t i o n  i n t o  t h e  sys t em.  

One o t h e r  p o i n t .  I n  t h e  f o l l o w i n g  
d i s c u s s i o n  l i t t l e  or no mention i s  g i v e n  t o  
o t h e r  management c o n t r o l  f u n c t i o n s  or t o o l s  
such  as r e p o r t s ,  PERT c h a r t s ,  q u a l i t y  a s s u r -  
ance ,  t e s t i n g ,  e t c .  T h i s  i s  n o t  meant t o  
imply t h a t  c o n f i g u r a t i o n  management i s  a l l  
t h a t  i s  needed  f o r  management c o n t r o l ;  it 
i s  r a t h e r  a r e f l e c t i o n  o f  t h e  f a c t  t h a t  
t h i s  i s  a p a p e r  on c o n f i g u r a t i o n  manage- 
ment. 

The D e f i n i t i o n  Phase 

I n  t h e  d e f i n i t i o n  phase ,  t r a d e o f f  s t u d i e s  
are  pe r fo rmed  by t h e  u s e r  t o  d e t e r m i n e  t h e  
f u n c t i o n s  o f  t h e  hardware  and computer pro-  
gram e l e m e n t s  i n  t h e  sys tem.  These s t u d i e s  
are based  on t h e  r e q u i r e m e n t s  a s  s t a t e d  i n  
t h e  sys t em s p e c i f i c a t i o n  and an  e v a l u a t i o n  
o f  t h e  computer r e s o u r c e s  a v a i l a b l e  t o  meet 
t h e s e  r e q u i r e m e n t s .  Two e v e n t s  i n  t h e  phase  
have ma jo r  s i g n i f i c a n c e  f o r  t h e  c o n f i g u r a t i o n  
management o f  each  i d e n t i f i e d  CPCEI:  

a .  t h e  p r o d u c t i o n  and r e l e a s e  o f  t h e  
f i r s t  p a r t  o f  t h e  CPCEI s p e c i f i -  
c a t i o n ;  

b .  and t h e  ass ignment  o f  i d e n t i f i c a -  
t i o n  numbers t o  t h e  CPCEI, i t s  
p a r t s ,  and i t s  s p e c i f i c a t i o n .  

P a r t  1 o f  t h e  S p e c i f i c a t i o n  - The f i r s t  
p a r t  o f  t h e  s p e c i f i c a t i o n  c o n t a i n s  p e r f o r -  
mance r e q u i r e m e n t s ,  d e s i g n  r e q u i r e m e n t s ,  and 
t e s t  r e q u i r e m e n t s  f o r  t h e  C P C E I .  The per -  
formance r e q u i r e m e n t s  d e s c r i b e  what t h e  pro-  
gram must do; i . e . ,  f o r  each  ma jo r  f u n c t i o n  
o f  t h e  program, t h e  da ta  i n p u t s ,  t h e  r e q u i r e d  
computer  p r o c e s s i n g ,  and t h e  r e q u i r e d  com- 
p u t e r  o u t p u t s  a r e  g i v e n .  The d e s i g n  r e q u i r e -  
ments d e l i n e a t e  i t e m s  no t  d i r e c t l y  r e l a t e d  t o  
t h e  des i red  per formance  o f  t h e  program,  which 
c o n s t r a i n  t h e  d e s i g n  o f  t h e  program. These 
i n c l u d e  i n t e r f a c e s  w i t h  equipments  and o t h e r  
computer programs, r e q u i r e m e n t s  t o  u s e  a v a i l -  
ab l e  equipments  and programs, and r e q u i r e d  
d e s i g n  a t t r i b u t e s  such  as m o d u l a r i t y  and 
e x p a n d a b i l i t y .  The t e s t  r e q u i r e m e n t s  d e f i n e  
t h e  t y p e s  o f  t e s t s  needed t o  v e r i f y  t h a t  t h e  
CPCEI s a t i s f i e s  t h e  per formance  and d e s i g n  
r e q u i r e m e n t s  c o n t a i n e d  i n  t h e  s p e c i f i c a t i o n .  



The p a r t  1 s p e c i f i c a t i o n  f o r  a CPCEI 
d i f f e r s  somewhat i n  c o n t e n t  from t h e  hard- 
ware p a r t  1 "spec."* F o r  example i t  does  
not  c o n t a i n  r e l i a b i l i t y  , t r a n s p o r t a b i l i t y ,  
3nd m a i n t a i n a b i l i t y  r e q u i r e m e n t s .  S i n c e  
t h e r e  i s  no g r e a t  w e a l t h  o f  m i l  s t a n d a r d s  
f o r  computer program p r o d u c t i o n ,  t h e r e  i s  
a lmost  no r e f e r e n c e  t o  them i n  t h e  s p e c .  
Also, many o f  t h e  terms and p h r a s e s  t h a t  
abound i n  a CPCEI s p e c  are unique  t o  com- 
p u t e r  programs, and may confuse  t h e  unin-  
i t i a t e d .  A l l  t h i s  i s  t o  be  expec ted  s i n c e  
a computer program CEI  i s  a d i f f e r e n t  an- 
i m a l  t h a n  a hardware  C E I .  

However, t h e  p a r t  1 s p e c i f i c a t i o n  i s  
very  s imilar  i n  f u n c t i o n  t o  t h e  hardware  
p a r t  1 spec .  Upon release o r  a p p r o v a l  by 
t h e  u s e r  i t  becomes t h e  d e s i g n  r e q u i r e -  
ments b a s e l i n e  f o r  t h e  CPCEI. Once s o  
e s t a b l i s h e d ,  p a r t  1 i s  used  by t h e  con- 
tractor as t h e  bas i s  f o r  program d e s i g n .  
It f u n c t i o n s  f o r  t h e  u s e r  as a s t a n d a r d  by 
which t h e  per formance  o f  t h e  r e s u l t a n t  CPCEI 
can be  e v a l u a t e d ,  and as t h e  b a s i s  f o r  con- 
t r o l l i n g  changes  t o  t h e  CPCEI. 

S i n c e  t h e  r e l e a s e d  p a r t  1 s p e c  i s  a 
b a s e l i n e  document, changes t o  i t  must be  
e f f e c t i v e l y  c o n t r o l l e d .  T h i s  i s  accom- 
p l i s h e d  by a change c o n t r o l  boa rd  ( C C B )  
composed o f  u s e r  p e r s o n n e l .  The f u n c t i o n s  
of  t h i s  b o a r d  and t h e  mechanism of  change 
c o n t r o l  w i l l  b e  d i s c u s s e d  i n  more d e t a i l  
l a t e r  i n  t h i s  p a p e r ;  s u f f i c e  i t  t o  s a y  now 
t h a t  t h e  CCB must approve  a l l  changes  t o  
t h e  re leased  s p e c  b e f o r e  t h e y  c a n  be 
inp lemen ted  by t h e  programming c o n t r a c t o r .  

m Ihe  u s e r ' s  a p p r o v a l  o f  t h e  p a r t  1 spec  
t e r m i n a t e s  t h e  d e f i n i t i o n  phase .  

I d e n t i f i c a t i o n  Numbers - S p e c i a l  num- 
be r s  a r e  used  t o  u n i q u e l y  i d e n t i f y  t h e  C P C E I ,  
i t s  p a r t s ,  and i t s  s p e c i f i c a t i o n s  throughout  
t h e i r  l i f e  c y c l e .  Such i d e n t i f i c a t i o n  a l lows  
t h e  c o n t r a c t o r  and t h e  u s e r  t o  r e l a t e  t h e  
t a p e s  and c a r d  decks  t h a t  c o n t a i n  t h e  pro-  
<ram t o  t h e  documents t h a t  d e s c r i b e  t h e  pro- 
gram. T h i s  i s  a s imple  p o i n t  b u t  one  t h a t  
h e l p s  p r e v e n t  l o s s  o f  t h e s e  items and  con- 
f u s i o n  be tween t h e i r  d i f f e r e n t  v e r s i o n s .  
I d e n t i f i c a t i o n  s t a r t s  i n  t h e  d e f i n i t i o n  phase 
.#Jith t h e  ass ignment  o f  numbers t o  t h e  CPCEI 
and t h e  p a r t  1 s p e c .  It c o n t i n u e s  i n  t h e  
a c q u i s i t i o n  phase  d u r i n g  which numbers are  
a s s i g n e d  t o  t h e  p h y s i c a l  p a r t s  -- t a p e s ,  ca rd  
decks ,  c a n n i s t e r s  -- o f  t h e  CPCEI .  

The A c q u i s i t i o n  Phase 

The a c q u i s i t i o n  phase  can  f o r  conven- 
i e n c e  be  d i v i d e d  i n t o  two subphases :  t h e  
d e s i g n  subphase ,  and t h e  imp lemen ta t ion  sub- 
phase .  I n  t h e  d e s i g n  subphase  t h e  programming 

*A d e t a i l e d  d e s c r i p t i o n  o f  t h e  format  f o r  
and c o n t e n t  of a p a r t  1 CPCEI s p e c i f i c a t i o n  i s  
g i v e n  i n  E x h i b i t  XVIII of NPC 500-1. T h i s  
e x h i b i t  was p u b l i s h e d  i n  August 1 9 6 6 ,  as an 
addendum t o  500-1. It i s  a lmos t  i d e n t i c a l  t o  
proposed  E x h i b i t  XX t o  375-1. The d e s c r i p -  
t i o n  is  a l s o  i n c l u d e d  i n  r e f e r e n c e s  (61 ,  ( 7 ) .  

c o n t r a c t o r  d e s i g n s  t h e  computer program. 
Concur ren t ly ,  t h e  p a r t  1 s p e c  may be  modi- 
f i e d  o r  r e v i s e d  due t o  a d d i t i o n a l  a n a l y s i s  
o f  r equ i r emen t s  and /o r  f eedback  from t h e  
d e s i g n  p r o c e s s .  I n  t h e  imp lemen ta t ion  sub- 
phase ,  t h e  c o n t r a c t o r  implements t h e  d e s i g n ,  
and t e s t s  t h e  r e s u l t a n t  CPCEI i n  a s i m u l a t e d  
envi ronment ;  he  a l s o  p roduces  p a r t  2 o f  t h e  
s p e c i f i c a t i o n .  

The i n t e n t  o f  c o n f i g u r a t i o n  management 
i n  t h e  a c q u i s i t i o n  phase  i s  t o  e n s u r e  t h a t :  
(1) t h e  CPCEI s a t i s f i e s  t h e  r e q u i r e m e n t s  of  
t h e  p a r t  1 s p e c ;  ( 2 )  t h e  comple ted  CPCEI i s  
a c c u r a t e l y  documented i n  t h e  p a r t  2 s p e c ;  
( 3 )  t h e  components and p a r t s  o f  t h e  CPCEI 
are marked f o r  e a s y  i d e n t i f i c a t i o n .  T h i s  
i s  accompl ished ,  much as it i s  f o r  hardware ,  
by means o f  change c o n t r o l  p r o c e d u r e s ,  and 
by means o f  r ev iews  and  i n s p e c t i o n s  a t  c r i t -  
i c a l  times th roughou t  t h e  phase .  

d e s i g n  r e v i e w ) ,  h e l d  i n  t h e  d e s i g n  subphase ,  
i s  t h e  f i rs t  fo rma l  r ev iew.  It  i s  h e l d  when 
t h e  c o n t r a c t o r ' s  d e s i g n  a c t i v i t y  h a s  r eached  
t h e  p o i n t  where he  h a s  a l l o c a t e d  f u n c t i o n s  
t o  i n d i v i d u a l  computer program components 
(CPC's ) ,  and  produced  f low c h a r t s  showing 
t h e  da ta  f low between t h e  C P C ' s .  The PDR 
g i v e s  t h e  u s e r  a n  o p p o r t u n i t y  t o  de t e rmine  
e a r l y  i n  t h e  programming p r o c e s s  i f  t h e  
c o n t r a c t o r  i s  d e s i g n i n g  a p roduc t  t h a t  a c t u -  
a l l y  s a t i s f i e s  t h e  r e q u i r e m e n t s  i n  p a r t  1. 
Dur ing  t h e  PDR b o t h  t h e  c o m p a t i b i l i t y  o f  t h e  
s e l e c t e d  d e s i g n  approach  w i t h  t h e  p a r t  1 s p e c ,  
and  t h e  i n t e r f a c e  c o m p a t i b i l i t y  o f  t h e  CPCEI 
w i t h  t h e  o t h e r  end  i t e m s  are checked.  The 
o u t p u t  o f  t h e  r ev iew i s  e i t h e r  concur rence  by 
t h e  u s e r  i n  t h e  d e s i g n  approach ,  or a s e t  of  
a c t i o n  items t o  b e  a c t e d  on by t h e  c o n t r a c t o r .  

The approved  d e s i g n  approach  s e r v e s  as 
t h e  bas i s  f o r  t h e  d e t a i l e d  d e s i g n  o f  each  
i d e n t i f i e d  computer program component. The 
d e s i g n s  a r e  documented i n  programming s p e c i -  
f i c a t i o n s .  A programming spec  d e s c r i b e s  t h e  
i n p u t s ,  o u t p u t s ,  and computa t iona l  methods 
f o r  a CPC o r  conven ien t  group o f  C P C ' s  i n  
s u f f i c i e n t  d e t a i l  t o  e n a b l e  a programmer t o  
code and  debug t h a t  p o r t i o n  o f  t h e  CPCEI .  

Design Reviews - The PDR ( p r e l i m i n a r y  

Each CPC d e s i g n  i s  t h e n  rev iewed by t h e  
u s e r  i n  a c r i t i c a l  d e s i g n  rev iew ( C D R ) .  The 
prime g o a l  o f  t h e  CDR i s  t o  e s t a b l i s h  con- 
c u r r e n c e  between t h e  u s e r  and t h e  c o n t r a c t o r  
i n  t h e  d e s i g n  o f  t h e  CPC(s) ;  t h i s  i s  t o  be  
done b e f o r e  s i g n i f i c a n t  r e s o u r c e s  a r e  com- 
m i t t e d  t o  i t s  development .  Dur ing  a CDR t h e  
d e s i g n  o f  t h e  CPC i s  rev iewed t o  de t e rmine  if 
t h e  comple ted  CPC w i l l  s a t i s f y  t h e  f u n c t i o n s  
a l l o c a t e d  t o  i t ;  a l s o  t h e  i n t e r f a c e  compati-  
b i l i t y  o f  t h e  CPC w i t h  t h e  o t h e r  C P C ' s  i s  
checked.  The r e s u l t  o f  a CDR i s  e i t h e r  ap- 
p r o v a l  by t h e  u s e r  o f  t h e  CPC d e s i g n  or a 
se t  o f  a c t i o n  i t e m s  r e q u i r i n g  r e d e s i g n  e f f o r t  
by t h e  c o n t r a c t o r .  

F o r  a l a r g e  program, t h e  i n d i v i d u a l  C P C ' s  
may be des igned  o v e r  a p e r i o d  o f  t i m e ,  t h e r e -  
f o r e ,  s e v e r a l  C D R ' s  may be  n e c e s s a r y .  It i s  
t h e  r e s p o n s i b i l i t y  o f  t h e  u s e r  t o  s c h e d u l e  t h e  
C D R ' s  s o  t h a t  t h e  c o n t r a c t o r ' s  d e s i g n  a c t i v i -  
t i e s  can  be  e x p e d i t e d ;  t o  t h i s  end  s e v e r a l  
CPC's may b e  r ev iewed  a t  a s i n g l e  CDR. 



After a p p r o v a l  a t  t h e  C D R ' s ,  t h e  i n d i -  
v i d u a l  components a r e  coded,  debugged and 
i n t e g r a t e d .  These t a s k s ,  which t a k e  p l a c e  
i n  t h e  implementa t ion  subphase ,  may t a k e  
c o n s i d e r a b l e  t i m e  i n  a l a r g e  programming 
e f f o r t .  During t h i s  t i m e  t h e  c o n t r a c t o r  
i s  f r e e  t o  make changes i n  t h e  d e s i g n ,  pro- 
v ided  t h e y  do not  a f f e c t  t h e  r e q u i r e m e n t s  
as s t a t ed  i n  t h e  p a r t  1 s p e c .  I f  t h e y  do, 
t h e  changes must be  approved by t h e  CCB. 
I n  t u r n ,  any changes t o  t h e  s p e c  g e n e r a t e d  
by t h e  u s e r  must be  p a s s e d  on t o  t h e  con- 
t r a c t o r  by t h e  CCB. T h i s  p r o v i d e s  t h e  
b a s i s  f o r  keeping  t h e  e v o l v i n g  CPCEI i n  
s t e p  w i t h  t h e  e v o l v i n g  p a r t  1 spec .  

second p a r t  o f  t h e  s p e c i f i c a t i o n  i s  pro- 
duced d u r i n g  t h e  a c q u i s i t i o n  phase .  I n  
many w a y s  it i s  s imi l a r  i n  f u n c t i o n  t o  
t h e  hardware p a r t  2 s p e c i f i c a t i o n .  It 
d e s c r i b e s  t h e  e x a c t  c o n f i g u r a t i o n  o f  t h e  
end p r o d u c t ,  f o r  computer  programs t h e  
o r d e r e d  sequence  o f  i n s t r u c t i o n s  and 
d a t a .  Once released i t  becomes t h e  pro- 
duc t  c o n f i g u r a t i o n  b a s e l i n e ,  used  as t h e  
bas i s  f o r  c o n t r o l l i n g  changes t o  t h e  
CPCEI  i n  t h e  o p e r a t i o n  p h a s e ,  and as an 
i n s t r u m e n t  f o r  modi fy ing  and u p d a t i n g  
t h e  CPCEI .  

Par t  2 o f  t h e  S p e c i f i c a t i o n  - The 

I n  some ways, however,  i t  i s  u n l i k e  
t h e  hardware  p a r t  2 s p e c .  For example,  
f o r  hardware t h e  p a r t  2 s p e c  c a l l s  o u t  
drawings.  For  computer  programs,  how- 
e v e r ,  t h e  s p e c  c o n t a i n s  program l i s t i n g s .  
The l i s t i n g s  document t h e  i n s t r u c t i o n s  
and d a t a .  I n  g e n e r a l ,  t h e y  are produced 
a f t e r  t h e  program h a s  been coded and key- 
punched, as a by-product  o f  t h e  p r o c e s s e s  
known as assembly and c o m p i l a t i o n .  The 
l i s t i n g s  a r e  u s u a l l y  g e n e r a t e d  b y  t h e  
computer and a r e  t h e  most v a l i d  r e p r e -  
s e n t a t i o n  o f  t h e  program as a c t u a l l y  
used by t h e  computer .  T h e r e f o r e ,  t h e  
Dart 2 s p e c  f o r  computer  programs i s  a 
d e s c r i p t i o n  o f  t h e  program as b u i l t ,  n o t  
a " b u i l d  t o "  s p e c  as i t  i s  i n  many hard-  
ware procurements .  I t s  pr imary  use  i s  
f o r  c o n t r o l l i n g  changes and m o d i f i c a t i o n s  
t o  an e x i s t i n g  program, n o t  f o r  c o n t r o l -  
l i n g  t h e  p r o d u c t i o n  o f  a new copy o f  a n  
e x i s t i n g  i t e m .  

A c t u a l l y ,  t h e  p a r t  2 s p e c  i s  a c o l -  
l e c t i o n  of i n f o r m a t i o n  t h a t  i s  g e n e r a t e d  
d u r i n g  t h e  a c q u i s i t i o n  phase  o f  any w e l l  
managed programming e f f o r t .  It c o n t a i n s  
i n  a d d i t i o n  t o  t h e  l i s t i n g s :  (1) a des-  
c r i p t i o n  o f  t h e  o v e r a l l  program d e s i g n  
i n c l u d i n g  h i g h  l e v e l  f low c h a r t s ;  ( 2 )  
programming s p e c i f i c a t i o n s  f o r  t h e  
i n d i v i d u a l  components of t h e  CPCEI; and 
( 3 1 ,  t h e  d e t a i l e d  f low c h a r t s  for t h e  
components.  The a d d i t i o n a l  i n f o r m a t i o n  
i s  i n c l u d e d  t o  g i v e  more i n s i g h t  i n t o  t h e  
workings of t h e  CPCEI  t h a n  could. b e  de- 
r i v e d  from t h e  l i s t i n g s  a l o n e .  

The r e l a t i o n s h i p  between key a c t i v i -  
t i e s  i n  t h e  a c q u i s i t i o n  phase  and t h e  
component documents t h a t  make up t h e  p a r t  
2 s p e c  i s  i l l u s t r a t e d  i n  F i g u r e  4.* It 
can  be  s e e n  from t h e  f i g u r e  t h a t  many o f  
t h e s e  documents,  i n  p r e l i m i n a r y  form, can 
be u s e d  by t h e  c o n t r a c t o r  as i n p u t s  t o  t h e  
d e s i g n  rev iews .  I n  f a c t  one way t h e  u s e r  
can  b e  s u r e  of g e t t i n g  a n  a d e q u a t e l y  docu- 
mented CPCEI  i s  t o  r e q u i r e  t h e  c o n t r a c t o r  
t o  submi t  r e l e v a n t  p o r t i o n s  o f  t h e  p a r t  2 
s p e c  as i n p u t s  t o  t h e  d e s i g n  r e v i e w s .  T h i s  
i n  i t s e l f  i s  a m a j o r  b e n e f i t  d e r i v e d  from 
a p p l y i n g  c o n f i g u r a t i o n  management t o  pro-  
gramming t a s k s .  

F i r s t  A r t i c l e  C o n f i g u r a t i o n  I n s p e c t i o n  - 
The implementa t ion  subphase e n d s  when t h e  
CPCEI h a s  been  t o t a l l y  assembled and t e s t e d  
i n  a s i m u l a t e d  envi ronment .  The CPCEI i s  
now ready  t o  b e  t r a n s f e r r e d  t o  i t s  opera-  
t i o n a l  environment  f o r  i n t e g r a t i o n  w i t h  
t h e  o t h e r  end  i tems i n  t h e  sys tem.  T h i s  
i s  a moment o f  t r u t h ,  and sometimes t h e  
t r u t h  h u r t s .  The shipment  of unmarked and 
p o o r l y  documented computer  programs,  n o t  
a n  uncommon p r a c t i c e ,  can  cause  g r a v e  pro- 
blems i n  t h e  o p e r a t i o n  phase .  F o r  example,  
t o  meet a s c h e d u l e  commitment, a computer 
program may be s h i p p e d  t o  a n  o p e r a t i o n a l  
f a c i l i t y  on a c e r t a i n  d a t e  even i f  it h a s  
n o t  been  comple te ly  checked o u t  o r  even  
c o m p l e t e l y  w r i t t e n .  The c o n t r a c t o r  must 
t h e n  comple te  t h e  program w h i l e  i t  i s  
b e i n g  i n t e g r a t e d  i n t o  t h e  sys tem.  Yet he 
may n o t  have a d e q u a t e  documenta t ion ;  he  
can  n o t  be  s u r e  i f  e r r o r s  are t h e  f a u l t  of 
t h e  program o r  t h e  sys tem;  and,  i f  a geo- 
g r a p h i c a l  movement was i n v o l v e d ,  may n o t  
have t h e  key p e r s o n n e l  n e c e s s a r y  t o  com- 
p l e t e  t h e  program. The chances  o f  com- 
p l e t i n g  t h e  program w i t h o u t  s e r i o u s l y  
h i n d e r i n g  t h e  s y s t e m ' s  i n t e g r a t i o n  are 
small  i n d e e d .  

T h i s  problem can  b e  a v o i d e d  by c a r e f u l  
s c h e d u l i n g ,  and by a p p l y i n g  d i s c i p l i n e  t o  
overcome t h e  t e m p t a t i o n  t o  t r a n s f e r  a n  i n -  
comple te  p r o d u c t .  C o n f i g u r a t i o n  management 
s u p p l i e s  some of t h i s  d i s c i p l i n e  by r e q u i r -  
i n g  t h a t  a n  i n s p e c t i o n  be  h e l d  p r i o r  t o  t h e  
t r a n s f e r  o f  t h e  end i t e m .  T h i s  i n s p e c t i o n  
f o r  hardware items i s  c a l l e d  F i r s t  A r t i c l e  
C o n f i g u r a t i o n  I n s p e c t i o n  (FACI), and f o r  t h e  
purpose  o f  c o n f o r m i t y  t h e  same t e r m  w i l l  be 
u s e d  f o r  computer  programs.  The FACI i n  
hardware  development i s  t h e  i n s p e c t i o n  o f  
t h e  f i r s t  o f  a s e r i e s  o f  a r t i c l e s  t o  d e t e r m i n e :  
i f  i t s  c o n f i g u r a t i o n  a g r e e s  w i t h  i t s  d e s c r i p -  
t i o n  i n  t h e  p a r t  2 s p e c ;  i f  i t  i s  p r o p e r l y  
marked; and i f  a l l  s u p p o r t i n g  documenta t ion  i s  
up t o  da te .  

*A comple te  d e s c r i p t i o n  o f  a s u g g e s t e d  
format  and c o n t e n t  of a p a r t  2 s p e c  i s  g i v e n  
i n  E x h i b i t  X V I I I  of NPC 500-1 and i n  r e f e r -  
e n c e s  ( 6 ) ,  ( 7 ) .  



Although t h e  r e p r o d u c t i o n  o f  c o p i e s  o f  
a C P C E I  i s  u s u a l l y  n o t  a s i g n i f i c a n t  a c t i v -  
i t y ,  a FACI i s  an a p p r o p r i a t e  and n e c e s s a r y  
m i l e s t o n e  i n  t h e  programming p r o c e s s .  A 
w e l l  r un  P A C 1  can h e l p  e l i m i n a t e  many o f  
t h e  problems a s s o c i a t e d  w i t h  t h e  t r a n s f e r  
of  a computer program from a deve lopmen ta l  
envi ronment  t o  an o p e r a t i o n a l  envi ronment .  

I n  g e n e r a l ,  FACI i s  conducted  when b o t h  
t h e  p a r t  2 s p e c  and t h e  p r e l i m i n a r y  q u a l i f i -  
c a t i o n  t e s t s  have been  completed.  If t h e  
CPCEI i s  deve loped  a t  t h e  c o n t r a c t o r ' s  f a c i -  
l i t y  f o r  subsequen t  sh ipment  t o  t h e  u s e r ' s  
f a c i l i t y ,  FACI s h o u l d  be  conducted  p r i o r  t o  
t h i s  sh ipmen t .  I f  t h e  CPCEI i s  developed  a t  
t h e  u s e r ' s  f a c i l i t y ,  FACI s h o u l d  be  conducted  
p r i o r  t o  f i n a l  q u a l i f i c a t i o n  t e s t i n g  o f  t h e  
computer-based s y s t e m .  The f o l l o w i n g  i s  
accompl i shed  as a p a r t  of t h e  FACI f o r  a 
CPCEI : 

1. T h e  e x i s t e n c e  and p r o p e r  marking 
o f  each program component and each  
CPCEI p a r t  ( t a p e ,  c a r d  deck,  e t c . )  
i s  v e r i f i e d .  

2 .  The comple teness  o f  p a r t  2 i s  v e r i -  
f i e d  by v i s u a l  i n s p e c t i o n .  When 
approved ,  t h e  s p e c  i s  r e l e a s e d  as 
t h e  p roduc t  c o n f i g u r a t i o n  b a s e l i n e .  
It i s  used  i n  t h e  o p e r a t i o n  phase  
as an i n s t r u m e n t  f o r  c o n t r o l l i n g  
and making changes t o  t h e  CPCEI. 

3. The r e s u l t s  o f  t e s t i n g  t h e  CPCEI i n  
a s i m u l a t e d  envi ronment  are a u d i t e d  
t o  de t e rmine  i f  such  t e s t s  have  been  
sa t  i s  f a c t o r i l y  completed.  

The  r e s u l t  of  FACI i s  e i t h e r  t h e  approva l  
of  t h e  p a r t  2 s p e c  as t h e  p roduc t  c o n f i g u r a -  
t i o n  b a s e l i n e  and a p p r o v a l  t o  t r a n s f e r  t h e  
CPCEI  t o  t h e  o p e r a t i o n a l  f a c i l i t y ,  o r  a se t  of 
a c t i o n  i t e m s  t h a t  must be a c t e d  on by t h e  con- 
t r a c t o r  t o  o b t a i n  t h e s e  a p p r o v a l s .  

Tne O p e r a t i o n a l  Phase 

If a l l  i s  w e l l  t h e  s p e c i f i c a t i o n  w i l l  
a c c u r a t e l y  d e s c r i b e  t h e  CPCEI when b o t h  a r e  
t r a n s f e r r e d  t o  t h e  o p e r a t i o n a l  f a c i l i t y .  The 
o b j e c t  o f  c o n f i g u r a t i o n  management i n  t h e  
o p e r a t i o n  phase  i s  t o  keep it tha t  way. I n  
nany programming e f f o r t s  t h i s  may n o t  be a n  
easy t a sk .  Hundreds and thousands  o f  changes 
may have t o  be made t o  t h e  CPCEI as e r r o r s  
are uncovered  d u r i n g  t h e  i n t e g r a t i o n  tests.  
The c o n t r a c t o r  must be a l lowed  t o  make these 
changes as e x p e d i t i o u s l y  as p o s s i b l e ,  y e t  it 
i s  e s s e n t i a l  t h a t  t h e  s p e c i f i c a t i o n  be k e p t  
up t o  d a t e  and t h a t  a l l  a f f e c t e d  p a r t i e s  be  
n o t i f i e d  of t h e  changes.  To accompl i sh  t h i s  
r e q u i r e s  somewhat of  a j u g g l i n g  a c t .  Pro- 
c e d u r e s  must be deve loped  t h a t  a r e  s t r i n g e n t  
enough t o  e n s u r e  t h a t  a l l  changes are r e -  
p o r t e d ,  bu t  no t  s o  s e v e r e  as t o  impede t h e  
c o n t r a c t o r ' s  a b i l i t y  t o  make t h e  changes.  
Some p r o c e d u r e s  f o r  a c h i e v i n g  t h i s  d e l i c a t e  
b a l a n c e  are d i s c u s s e d  below. They f a l l  
unde r  t h e  g e n e r a l  c a t e g o r i e s  o f  change con- 
trol and c o n f i g u r a t i o n  accoun t ing ,  a c t i v i t i e s  
which t ake  p l a c e  d u r i n g  b o t h  t h e  a c q u i s i t i o n  
ana  o p e r a t i o n  phases .  

Change C o n t r o l  

The term "change" r e f e r s  t o  any a l t e r a -  
t i o n  t o  a n  e s t a b l i s h e d  b a s e l i n e .  I n  o r d e r  t o  
e s t a b l i s h  change c o n t r o l  t h e  u s e r  must:  (1) 
i d e n t i f y  which t y p e s  o f  changes a r e  c o n s i d e r e d  
c r i t i c a l ;  ( 2 )  r e q u i r e  t h e  c o n t r a c t o r  t o  sub- 
m i t  a f o r m a l  e n g i n e e r i n g  p r o p o s a l  f o r  each  
c r i t i c a l  change; ( 3 )  es tabl ish a change con- 
t r o l  boa rd  (CCB) t o  e v a l u a t e  each  c r i t i c a l  
change.  

The CCB, composed o f  u s e r  p e r s o n n e l ,  must 
d i s s e m i n a t e  t o  a l l  a f f e c t e d  p a r t i e s  t h e  re- 
s u l t s  o f  i t s  e v a l u a t i o n s .  I n  a l a r g e  sys tem 
t h e r e  may be s e v e r a l  C C B ' s  a r r a n g e d  i n  a h i e r -  
a r c h i c a l  o r d e r .  A s i n g l e  CCB may have respon-  
s i b i l i t y  f o r  s e v e r a l  end items. The a r r a n g e -  
ment o f  C C B ' s  must be  de t e rmined  by t h e  u s e r  
p r i o r  t o  e n t e r i n g  t h e  a c q u i s i t i o n  phase for 
t h e  sys t em.  Although many C C B ' s  may e x i s t  i n  
a sys t em,  t h e  programming c o n t r a c t o r  shou ld  
b e  "aware" o f  o n l y  one ,  t h e  one t h a t  has  
cogn izance  i n  h i s  area. A p o s s i b l e  CCB 
a r rangement  i s  shown i n  F i g u r e  5.  

I n  g e n e r a l ,  t h e r e  a r e  two t y p e s  of  changes 

Class I changes  - t h o s e  which a f f e c t  
per formance  and s a f e t y  as d e f i n e d  i n  
t h e  e s t a b l i s h e d  b a s e l i n e s ,  t h e  c o s t  
o r  d e l i v e r y  date  o f  t h e  CPCEI, or i n -  
t e r f a c e s  w i t h  o t h e r  end i t e m s .  

Class I1 changes - t h o s e  which a r e  no t  
Class I ( e . g . ,  s i m p l e  e r r o r  c o r r e c t i o n s ) .  

A l l  Class I changes  r e q u i r e  CCB a p p r o v a l  

t h a t  are c o n s i d e r e d  by a CCB: 

b e f o r e  t h e y  can  be implemented. Class I1 
changes do n o t  r e q u i r e  CCB a p p r o v a l .  The 
i n i t i a l  d e t e r m i n a t i o n  of  what i s  a Class I 
change i s  l e f t  t o  t h e  c o n t r a c t o r  under  t h e  
cogn izance  o f  a u s e r  r e p r e s e n t a t i v e .  The  
CCB,  however, r e s e r v e s  t h e  r i g h t  t o  make t h e  
f i n a l  d e t e r m i n a t i o n  o f  a l l  c l a s s i f i c a t i o n s .  

The c r i t e r i a  f o r  d e t e r m i n i n g  i f  a change 
i s  Class I or Class I1 a r e  d e r i v e d  from ANA 
B u l l e t i n  4 4 5 e  and are  ve ry  s imi la r  t o  t h o s e  
used  i n  hardware  change c o n t r o l .  There i s  
one ma jo r  d i f f e r e n c e  however. Under s t r i c t  
i n t e r p r e t a t i o n  o f  ANA B u l l e t i n  4 4 5 ,  a computer 
program change o f  any t y p e  i n  t h e  o p e r a t i o n  
phase  would b e  c l a s s i f i e d  as a Class I change,  
because  t h e  l i s t i n g s  i n  t h e  r e l e a s e d  p a r t  2 
s p e c  must a l s o  be  changed. S i n c e  t h e  number 
o f  e r r o r  changes  can be  l a r g e ,  t h e  c o n t r a c t o r  
must be g i v e n  leeway i n  making them wi thou t  
h a v i n g  t o  w a i t  f o r  t h e  a p p r o v a l  of  t h e  pro-  
c u r i n g  agency.  To a v o i d  unnecessa ry  d e l a y s ,  
these  t y p e s  o f  changes  may be c o n s i d e r e d  a s  
Class I1 even  though t h e  p a r t  2 spec  must 
be  a l t e r e d .  

' It i s  i m p o r t a n t  t o  n o t e  t h a t  a l l  approved  
cha.nges - Class I o r  Class I1 - must be r e -  
f l e c t e d  i n  t h e  p e r t i n e n t  documents,  t h i s  b e i n g  
a c o n t r a c t o r  r e s p o n s i b i l i t y .  It i s  a l s o  
i m p o r t a n t  t o  r e a l i z e ,  t h a t  u n t i l  a b a s e l i n e  i s  
f o r m a l l y  e s t a b l i s h e d  by u s e r - c o n t r a c t o r  con- 
c u r r e n c e ,  changes t o  i t  a r e  no t  s u b j e c t  t o  



. 

formal  change c o n t r o l .  Fo r  i n s t a n c e  a con- 
t r a c t o r  is f r e e  t o  make changes t o  a CPCEI 
and/or  t h e  p a r t  2 spec  p r i o r  t o  FACI wi thou t  
CCB a p p r o v a l ,  a s  l o n g  a s  t h e  des ign  r e q u i r e -  
ments b a s e l i n e  is n o t  a f f e c t e d .  Th i s  pro-  
v i d e s  t h e  c o n t r a c t o r  t h e  f l e x i b i l i t y  t o  re- 
spond t o  t h e  e s s e n t i a l l y  i t e r a t i v e  n a t u r e  of 
t h e  a c q u i s i t i o n  phase .  

C o n f i g u r a t i o n  Account ing 

th roughou t  t h e  a c q u i s i t i o n  and o p e r a t i o n  
phases  i s  c o n f i g u r a t i o n  a c c o u n t i n g  -- t h e  
r e p o r t i n g  and documenting of  a l l  p roposed  
changes t o  an e s t a b l i s h e d  b a s e l i n e  conf igu-  
r a t i o n .  Account ing p rocedures  i n s u r e  t h a t  
t h e  b a s e l i n e  i s  ma in ta ined  i n  an  a c c u r a t e  
and t i m e l y  manner. 

Another  major  a c t i v i t y  which c o n t i n u e s  

Accura t e  r e c o r d s  must be  deve loped ,  
m a i n t a i n e d ,  and d i s semina ted  t o  a s s u r e  t h a t  
-che e x a c t  s t a t u s  of  t h e  CPCEI and i t s  s p e c i -  
f i c a t i o n s  i s  w e l l  known. These r e c o r d s  i n -  
c lude  : 

1. 

2 .  

3. 

4 .  

5 .  

6 .  

S p e c i f i c a t i o n  change n o t i c e s  (SCN) 
which r e c o r d  changes t o  a l l  approved 
s p e c i f i c a t i o n s .  

A s p e c i f i c a t i o n  change l o g  which 
f o r m a l l y  r e c o r d s  a l l  approved SCN’s. 

An end i t e m  c o n f i g u r a t i o n  c h a r t  
which i d e n t i f i e s  approved engi -  
n e e r i n g  change p r o p o s a l s  ( E C P ’ s )  
i n c o r p o r a t e d  i n  a p a r t i c u l a r  ver -  
s i o n  of  a s p e c i f i c a t i o n .  

The c o n f i g u r a t i o n  index  which p ro -  
v i d e s  an o f f i c i a l  l i s t i n g  o f  t h e  
CPCEI  s p e c i f i c a t i o n  and s i g n i f i c a n t  
s u p p o r t  documents. 

The change s t a t u s  r e p o r t  which i s  
used  t o  p rov ide  t h e  c o n t r a c t o r  and 
t h e  p r o c u r i n g  agency wi th  a summary 
o f  t h e  s t a t u s  of a l l  ECP’s .  

The v e r s i o n  d e s c r i p t i o n  document 
which i d e n t i f i e s  t h e  e l emen t s  
( t a p e s ,  c a r d  decks ,  e t c . )  o f  a 
r e l e a s e d  computer program. 

A d e t a i l e d  d e s c r i p t i o n  of  t h e s e  docu- 
ments i s  g i v e n  i n  r e f e r e n c e  ( 7 ) .  

Concluding Remarks 

There  a r e  c e r t a i n  b a s i c  b e n e f i t s  t h a t  
cou ld  a c c r u e  from e x t e n d i n g  c o n f i g u r a t i o n  
management t o  computer  programs.  The con- 
t r a c t o r  would be  p rov ided  w i t h  a d e t a i l e d  
s p e c i f i c a t i o n  t o  work from. H e  would b e  
a s s u r e d  o f  r e c e i v i n g  n o t i f i c a t i o n  o f  a l l  
s i g n i f i c a n t  changes t o  t h e  s y s t e m .  The 
des ign  r ev iews  would t e n d  t o  minimize m i s -  
u n d e r s t a n d i n g s  a s  t o  what t h e  f i n a l  pro-  
duc t  must do. There would be less chance 

o f  m i s p l a c i n g  o r  l o s i n g  t h e  c r i t i c a l  docu- 
men ta t ion  t h a t  d e s c r i b e s  t h e  program. There 
would be  a check p rov ided  a g a i n s t  t r a n s -  
p o r t i n g  an  incomple te  p roduc t  from a 
d e v e l o p e r ’ s  f a c i l i t y .  The c o n t r a c t o r  would 
be o b l i g e d  t o  document t h e  r e s u l t a n t  pro-  
gram, and t h e  u s e r  o b l i g e d  t o  r e c o g n i z e  t h e  
c o s t  o f  such  documenta t ion .  The u s e r  would 
be somewhat p r o t e c t e d  a g a i n s t  c o n t r a c t o r  
g e n e r a t e d  changes t h a t  may run  up t h e  c o s t  
o f  a program. 

I n  a d d i t i o n  t h e r e  would be c e r t a i n  o t h e r  
b e n e f i t s  which a r e  less  d i r e c t  b u t  e q u a l l y  
impor t  a n t  : 

a .  

b .  

C .  

It 

The u s e r  would be  encouraged  t o  
c o n s i d e r  t h e  r equ i r emen t s  o f  and 
t h e  r e s o u r c e s  f o r  computer  programs 
e a r l y  i n  t h e  sys t em’s  development ,  
a n e c e s s a r y  p r e r e q u i s i t e  f o r  e f f e c -  
t i v e  p l a n n i n g .  

The computer program e lemen t s  o f  
a computer-based sys tem would b e  
p l a c e d  unde r  t h e  same degree  o f  
c o n t r o l  as t h e  hardware e l e m e n t s .  

S e v e r a l  conven ien t  m i l e s t o n e s  would 
be  p rov ided  f o r  measur ing  t h e  pro-  
g r e s s  o f  a programming t a s k .  For  
example, t h e  comple t ion  o f  t h e  de- 
s i g n  rev iews  and t h e  release o f  
t h e  t w o  p a r t s  o f  t h e  s p e c i f i c a t i o n  
a r e  measurable  and d e f i n a b l e .  
Fur thermore ,  by having  common mi le -  
s t o n e s ,  t h e  u s e r  can more e f f e c -  
t i v e l y  mon i to r  t h e  p r o g r e s s  of  a 
mult i -program e f f o r t .  

shou ld  be  n o t e d  t h a t  manv o f  t h e  
b e n e f i t s  j u s t  ment ioned a r e  no t  i i m i t e d  
t o  programs t h a t  o p e r a t e  as p a r t  of  l a r g e  
complex sys tems.  They a l s o  app ly  t o  com- 
p i l e r s ,  s c i e n t i f i c  a p p l i c a t i o n  programs,  
p a y r o l l  programs, e t c .  - programs t h a t  
o p e r a t e  w i t h i n  s t a n d a r d  commercial  com- 
p u t e r  f a c i l i t i e s .  Fo r  t h e s e  t y p e s  o f  
programs t h e r e  i s  a d e c r e a s e d  need  f o r  
a sys tem s p e c i f i c a t i o n  and i n t e r f a c e  
c o n t r o l .  However, t h e  o t h e r  f a c e t s  o f  
c o n f i g u r a t i o n  management - b a s e l i n e s ,  
change c o n t r o l ,  c o n f i g u r a t i o n  a c c o u n t i n g  
p rocedures ,  i d e n t i f i c a t i o n  numbers - 
a r e  e s s e n t i a l  t o  t h e i r  management i f  
t h e y  a r e  l a r g e  enough t o  r e q u i r e  t h e  
i n t e r c h a n g e  o f  documented i n f o r m a t i o n .  
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